Many chordate-specific morphological features develop depending on retinoic acid (RA). We isolated cDNA clones encoding a retinoic acid receptor (Ci RAR) and a retinoid X receptor (Ci RXR) in the ascidian Ciona intestinalis. Ci RAR mRNA was detected in the anterior ectoderm and endoderm during gastrulation. The expression persists in the head endoderm and two discrete regions of the nerve cord in the tailbud embryo. Ci RXR mRNA was ubiquitously expressed. RA affected closure of the neural tube and formation of the adhesive papillae. However, no obvious upregulation in Ci RAR expression was observed. Expression of some, but not all, of the neural and papilla-specific genes was reduced in the RA-treated embryo. These results suggest limited roles of Ci RAR in ascidian embryos. q
Introduction
Retinoic acid (RA) regulates proliferation, differentiation and morphogenesis of various embryonic and adult cell types in vertebrates (De Luca, 1991; Conlon, 1995; Ross et al., 2000) . RA signal is mediated by an RA-binding heterodimeric transcription factor consisting of the retinoic acid receptor (RAR) and the retinoid X receptor (RXR) (Mangelsdorf and Evans, 1995; Chambon, 1996) . Requirement of endogenous RA in vertebrate embryos has been demonstrated by mutational analyses of the RARs (e.g. Lufkin et al., 1993; Lohnes et al., 1994; Kastner et al., 1997) , retinaldehyde dehydrogenase (Niederreither et al., 1999 (Niederreither et al., , 2000 Begemann et al., 2001 ) and RA-degrading enzyme (Abu-Abed et al., 2001) , and by direct measurement of endogenous RA (Maden et al., 1998) .
There have been a number of studies to examine the effect of exogenous RA on the morphogenesis of various invertebrate species, cnidarians (Müller, 1984) , molluscs (Créton et al., 1993) , crustaceans (Hopkins and Durica, 1995) , and echinoderms (Sciarrino and Matranga, 1995) . Despite the strong teratogenic effects of excess RA, no RAR has been cloned in any non-chordate species. RA-induced phenotypes in these species were not similar to those observed in vertebrates. In these invertebrate species, RA may act via RXR homodimer or other systems that do not require RAR. In contrast, invertebrate chordates contain functionally established RAR (Hisata et al., 1998; Kamimura et al., 2000; Fujiwara et al., 2001; Escriva et al., 2002) . Sequence-specific DNA-binding in vitro and retinoic aciddependent transactivation in vivo were demonstrated for the RXR/RAR heterodimer in the urochordate ascidians (Kamimura et al., 2000) and in the cephalochordate amphioxus (Escriva et al., 2002) .
The tadpole-type larva of ascidians represents a simple prototype of the chordates (Satoh and Jeffery, 1995; Di Gregorio and Levine, 1998) . Although limited to a few number of tissues, expression pattern of many developmental regulatory genes in ascidian embryos is similar to that in vertebrate embryos (e.g. Yasuo and Satoh, 1993; Corbo et al., 1997; Wada and Satoh, 2001 ). Compared to vertebrates, ascidians retain a small gene number (Simmen et al., 1998) , having no large-scale gene duplication (Holland et al., 1994; Sidow, 1996) . These features make ascidians a simple model organism to study chordate body plan.
During embryogenesis of ascidians, excess RA induces deficiency mainly in the anterior neural tissues, such as the adhesive organ (papillae) with sensory neurons, forebrain containing sensory organ pigment cells (Denucé, 1991; De Bernardi et al., 1994; Katsuyama et al., 1995) and pharyngeal gill slits (Hinman and Degnan, 1998; Hinman and Degnan, 2000) . Expression of a homolog of the vertebrate RA target gene, Hox-1, was affected by retinoic acid (Katsuyama et al., 1995) . The RA-treated amphioxus embryos show similar defects in the anterior neural tissues and pharynx, and their Hox-1 expression was also affected (Holland and Holland, 1996) . Since the effects of exogenous RA in protochordates resemble those found in vertebrates, acquisition of the RAR function may be a crucial event for evolution of the chordate-specific morphology. On the other hand, protochordates lack many vertebrate-specific features, of which morphogenesis is regulated by RA. These include the neural crest (Wada, 2001; Villanueva et al., 2002) , limbs (Del Rincon and Scadding, 2002; Grandel et al., 2002) and bones (Kessel, 1992; Jiang et al., 2002) . Both similarity and difference in RA action among primitive chordates provide us with useful information to understand mechanisms of morphological evolution of the chordates. Recently, Escriva et al. (2002) showed spatial and temporal expression of the amphioxus RAR (Amphi RAR) during embryogenesis. However, RAR and RXR gene expression in the ascidian embryos has not yet been detected so the endogenous role for RXR and RAR during embryogenesis is still unknown.
In the present study, we identified single RAR and RXR genes (Ci RAR and Ci RXR, respectively) from the ascidian Ciona intestinalis. Whole-mount in situ hybridization revealed spatially restricted expression of Ci RAR and ubiquitous expression of Ci RXR mRNAs. Embryos were treated with all-trans RA and the relationship between morphology and receptor expression was determined. In addition, the expression of several papilla and neuralspecific genes was examined in RA-treated embryos.
Results

Characterization of C. intestinalis RAR and RXR
We isolated cDNA clones encoding C. intestinalis RAR (Ci RAR). We also found a single cluster (ID 02405r1) of EST clones encoding the identical protein in our database (http://ghost.zool.kyoto-u.ac.jp/indexr1.html). Genomic DNA sequences covering the 5 0 and 3 0 flanking regions were found in the web site of the C. intestinalis genome project (http://www.jgi.doe.gov/programs/ciona.htm) at the Joint Genome Institute (JGI) of the Department of Energy of the USA. From these data the entire open reading frame consisting of 421 amino acids was determined. The amino acid sequence of the putative DNA-binding domain was compared with the corresponding region of the vertebrate RARs and other nuclear receptors (Fig. 1A) . Within this domain, the amino acid sequence of Ci RAR was 94% identical to that of Pm RAR, the previously identified functional RAR in the budding ascidian Polyandrocarpa misakiensis (Hisata et al., 1998; Kamimura et al., 2000) . The D-box, important for target DNA recognition (Umesono and Evans, 1989) , is conserved among Ci RAR, Pm RAR, Amphi RAR and vertebrate RARs, but not in other nuclear receptors (Fig. 1A) . A molecular phylogenetic tree, constructed by the neighbor-joining method (Saitou and Nei, 1987) , revealed a close relationship among Ci RAR, Pm RAR, Amphi RAR and vertebrate RARs (Fig. 1C) . The three subtypes (a, b and g) of the vertebrate RARs formed a single cluster, suggesting that these subtypes arose after diversification of vertebrates from its sister group, cephalochordates.
The C. intestinalis RXR (Ci RXR) has also been isolated by a PCR-based method. A single cluster (ID 01435r1) encoding Ci RXR was found in the EST database. The coding region consisted of 507 amino acids. The amino acid sequence predicted from Ci RXR cDNA was compared with that of other nuclear receptors (Fig. 1B) . The tree showed that Ci RXR clusters with the RXRs of other organisms. The three subtypes of the vertebrate RXRs also seem to have arisen in the vertebrate lineage (Fig. 1B) . Table 1 shows the frequency of ESTs for the Ci RAR (02405r1) and Ci RXR (01435r1) in Ciona libraries from five different developmental stages. Ci RAR (02405r1) most frequently appeared in the library derived from the cleavage-stage (32 -110-cell) embryos (5/14749), but not in the library derived from fertilized eggs (0/16069). Ci RXR (01435r1) was found at a constant frequency in all the libraries examined, from fertilized eggs to metamorphosed juvenile adults.
Expression of CiRAR and CiRXR during embryogenesis
Spatial expression of the Ci RAR and Ci RXR mRNAs in the normal embryo was examined by in situ hybridization (Fig. 2) . The Ci RAR mRNA was not detected up to the 32 cell-stage (data not shown). The accumulation of the mRNA was first detected in the epidermal-lineage blastomeres in the animal hemisphere ( Fig. 2A) . During gastrulation, the mRNA was observed in the anterior epidermal and endodermal lineages (Fig. 2B ). In the neurula and early tailbud embryo, Ci RAR mRNA was detected in the head endoderm, however the expression in the epidermis gradually became undetectable (Figs. 2C -E) . The tail muscle cells were weakly stained (Figs. 2D,E) . Two discrete regions of the nerve cord, neck region and the middle part of the tail, weakly expressed Ci RAR mRNA (Figs. 2E,F) . In the middle tailbud embryo, the Ci RAR mRNA was no longer detectable (data not shown). The Ci RXR mRNA was detected uniformly in all the cell types throughout embryogenesis . No signal was detectable in case of hybridization with a sense RNA probe (Figs. 2J-L).
CiRAR and CiRXR expression in the RA-treated embryos
The C. intestinalis embryos were continuously treated with 1 mM all-trans RA from the 32-cell stage. Nearly 100% of the treated embryos exhibited characteristic phenotypes as was reported by Denucé (1991) (Fig. 3) . The head region was shortened, and the adhesive papillae did not form (compare Figs. 3A,C). Closure of the anterior neural tube was incomplete. As a result, the brain cells protruded on the dorsal side of the head region and sensory pigment cells of abnormal shape were exposed at the surface (Fig. 3C ). The tail was kinked (Fig. 3D) . The control embryos, reared in seawater containing 0.1% DMSO displayed normal morphology (Figs. 3A,B) .
Expression of Ci RAR and Ci RXR was examined in RAtreated embryos (Fig. 4) . In DMSO-treated control embryos, the expression pattern of Ci RAR mRNA was almost identical to that observed in non-treated normal embryos ( Figs (Saitou and Nei, 1987) using the DNA-binding domains and the following junction domains containing the nuclear localization signals. Thyroid hormone receptor a (TRa) and estrogen receptor b (ERb) of mouse were used for comparison. was formed in the RA-treated early tailbud embryos (Fig.  4F ). Overexpression or expansion of the Ci RAR-expressing regions was not observed (Fig. 4F) . Rather, the hybridization signal in the treated embryos was weaker than that in the control embryos, particularly in the head endoderm (Fig. 4F) . However, the stained cells in the nerve cord did not seem to be divided into two regions as was found in control embryos, and the epidermal cells were slightly stained (Fig. 4F) . Expression pattern of the Ci RXR mRNA in RA-treated embryos was not distinguishable from that of normal embryos (Figs. 4G -L).
Expression of the anterior marker genes in the RAtreated embryos
Many neural-specific and papilla-specific genes were identified during EST and systematic in situ analyses (Satou et al., 2001; Fujiwara et al., 2002; Kusakabe et al., 2002) . We examined the expression of some of these genes in RAtreated embryos (Fig. 5) . Cluster ID 00086r1 encodes a btubulin homolog. In the control neurulae and tailbud embryos, 00086r1 was expressed in the brain, nerve cord and the presumptive papilla cells (Figs. 5A,C) . In the RA- treated embryos, mRNA was almost absent in the presumptive papillae (Figs. 5B,D) . RA-induced reduction of btubulin mRNA was also observed in the caudal region of the nerve cord (Fig. 5D ). In the control embryos, expression was stronger in the anterior half of the brain than in the posterior half (Figs. 5A,C) . However, the posterior half of the brain was more strongly stained than the anterior half in the RAtreated embryos (Figs. 5B,D) . Cluster ID 01087r1 showed an expression pattern similar to 00086r1 (Figs. 5E,G) . RA treatment caused reduction of 01087r1 mRNA in the anterior and posterior ends of the embryos (Figs. 5F,H) . Cluster ID 04853r1 was detected in the notochord, mesenchyme, a small region in the forebrain and the 'neck' region of the nerve cord (Fig. 5I) . The expression in the neural tissues was downregulated in the treated embryos, while that in the notochord and mesenchyme cells remains unaffected (Fig. 5J) .
Expression of 01990r1 was observed ubiquitously, but slightly stronger in the brain (Fig. 5K) . Expression pattern of 01990r1 mRNA was not affected by RA (Fig. 5L) . RA did not affect the amount and spatial distribution of the mRNAs for two papilla-specific genes, 02008r1 and 02027r1 (Figs. 5M -P).
3. Discussion 3.1. RA induces malformation without significant change in the CiRAR expression pattern RA can induce expression of RARs in vertebrates (Sucov et al., 1990; Kamei et al., 1993) . Expression of Amphi RAR is greatly upregulated by exogenous RA (Escriva et al., 2002) . During asexual bud development of the ascidian, Polyandrocarpa misakiensis, RA induces a complete secondary anteroposterior axis in the asexual bud (Hara et al., 1992) . RA induces upregulation of Pm RAR (Hisata et al., 1998) . These results suggest the existence of positive feedback regulation of the RAR gene in protochordates. Unexpectedly, significant upregulation of Ci RAR was not observed in the RAtreated embryos. Instead, reduction of Ci RAR mRNA was observed in the head endoderm. We obtained a preliminary result of a microarray analysis, showing that Ci RAR was not upregulated in the RA-treated embryos (Fujiwara et al., unpublished data) . The positive autoregulation of Ci RAR may not contribute to the action of RA, at least in Ciona embryogenesis. We have recently identified a cDNA encoding a Ciona homolog of the RA-degrading enzyme, CYP26 (Nagatomo et al., in preparation). The CYP26 is expressed in the anterior neural tissues and presumptive papilla region and seemed to be upregulated by RA (Nagatomo et al., in preparation). Upregulation of Ci RAR, if any, could be balanced by a negative feedback via RA degradation by CYP26.
Downstream of CiRAR
Morphogenetic defects observed in RA-treated ascidian embryos vary by species. Failure of the papilla formation and reduction of the anterior neural structure were observed in all the species examined. The tail becomes kinked in Ciona intestinalis (Denucé, 1991; see Fig. 3B ), Phallusia mamillata (De Bernardi et al., 1994) and Herdmania curvata (Hinman and Degnan, 1998) , while it is normal in Halocynthia roretzi (Katsuyama et al., 1995) . The anterior neural tube does not close and remains outside of the dorsal surface only in Ciona and Phallusia (Denucé, 1991; De Bernardi et al., 1994 ; see Fig. 3A ) but not in Halocynthia and Herdmania (Katsuyama et al., 1995; Hinman and Degnan, 1998) . These speciesspecific defects may be due to difference in the repertoire of target genes. In the present study, the expression patterns of several neural-specific and papilla-specific genes were examined in RA-treated or non-treated embryos.
Cluster ID 01087r1 (Ci-Etr-1) encodes a protein similar to Bruno-like RNA-binding proteins in zebrafish and human (Suzuki et al., 2000 (Suzuki et al., , 2002 Good et al., 2000; Satou et al., 2001) . A single EST cluster, encoding a similar RNAbinding protein (HrETR-1) with a neural-specific expression pattern, was also identified in Halocynthia roretzi (Yagi and Makabe, 2001 ). Cluster ID 00086r1 encodes b-tubulin. btubulin was identified as a pan-neural marker in Halocynthia (Miya and Satoh, 1997) . These two genes showed a similar pattern of expression in both control and RA-treated embryos. A similar RA-induced alteration of expression pattern was also reported for HrETR-1 (Yagi and Makabe, 2002) . RA-induced downregulation of 01087r1 and 00086r1 was observed in the anterior and posterior ends of the body, but not in the middle region. These results suggest that distinct enhancer modules are responsible for activation in each subdomain of the neural tissues. Cluster ID 04853r1 encodes a protein similar to the fibroblast growth factor receptor (FGFR). In Halocynthia, cDNA clones encoding a few different types of FGFRs were isolated (Kamei et al., 2000; Shimauchi et al., 2001) . Expression of one of them was observed in the presumptive papilla region of the tailbud embryos (Shimauchi et al., 2001) . In addition, a dominant negative form of Halocynthia FGFR disturbed the b-tubulin gene expression in the forebrain, papillae and the caudal end of the nerve cord (Shimauchi et al., 2001) . The reduction of 00086r1 expression in RA-treated embryos could be an indirect effect caused by the reduction of 04853r1 expression. In vertebrates, both RA and fibroblast growth factor (FGF) perturb the anteroposterior patterning of the neural tissues partly by affecting Hox expression (e.g. Deschamps et al., 1999; Mason et al., 2000; Altman and Hemmati-Brivanlou, 2001) . RA seems to be required for maintaining FGF expression in some cases (Schneider et al., 2001) , while it downregulates FGF expression in other cases (Hayes and Morriss-Kay, 2001 ). However, RA is not known to regulate FGFR expression in vertebrates. Recently, we identified a Ciona Hox-1 cDNA (Nagatomo et al., unpublished data). The genetic regulatory network including RA, FGF and Hox should be elucidated to understand the mechanism of evolution of the chordate-specific body plan.
Cluster ID 01990r1 encodes a protein similar to the a subunit of adenylate cyclase-inhibiting G-protein (Gi) (e.g. Nukada et al., 1986; Bray et al., 1987; Kusakabe et al., 2002) . Although the highest level of 01990r1 mRNA was detected in the brain of the tailbud embryos, low-level expression was observed in all the cell types. Cluster ID 02008r1 encodes a protein similar to cystathionine g-lyase (e.g. Lu et al., 1992) . A Drosophila homolog of this protein, called Eip40, was identified as an ecdysone-inducible protein (Rebers, 1999) . Cluster ID 02027r1 encodes a homolog of an endoplasmic reticulum-resident protein 58 (EP58) (Kimata et al., 2000; Satou et al., 2001) . The mRNAs for 02008r1 and 02027r1 were observed mainly in the presumptive adhesive papillae in the initial tailbud embryos. Although the function of these proteins in the ascidians is unclear, it is evident that some of the anterior marker genes are not affected by RA treatment. We also examined an anterior epidermis-specific gene (01129r1; Fujiwara et al., 2002) and aldehyde dehydrogenase (06922r1) in the treated embryos. But no significant change was observed in the expression pattern of these genes (data not shown).
Endogenous role for CiRAR during normal development
In the chick limb bud, RA induces ectopic RARb activation followed by ectopic formation of the zone of polarizing activity (ZPA) in the anterior region (Noji et al., 1991) . However, the ZPA does not express RARb in undisturbed limb buds (Noji et al., 1991) . This observation evoked suspicion about the requirement of RARs during normal development. Therefore, it should be noted that lack of Ci RAR upregulation is not necessarily evidence to deny endogenous roles of Ci RAR. Malformation and alteration of downstream gene expression are thought to result from activation of pre-existing endogenous Ci RAR. Ci RAR is expressed in the neck region of undisturbed tailbud embryos, where Hox-1 is expressed in another ascidian species, Halocynthia roretzi (Katsuyama et al., 1995) . These results suggest the involvement of Ci RAR in the activation of RA target genes in the normally developing ascidian embryos.
It has been shown in several ascidian species that the phenotypes observed in RA-treated embryos were essentially the same when RA was applied at the 2-cell stage or at the gastrula stage (Denucé, 1991; De Bernardi et al., 1994) . Target gene activation by RA is therefore thought to start mainly after the onset of gastrulation. This is consistent with the observation that the Ci RAR expression is first observed shortly before the gastrula stage. Activation of Ci RAR in the presumptive forebrain and papilla regions may cause ectopic activation of posterior genes. This may indirectly cause expression reduction of anterior genes and deficiency of the anterior structures. It is equally possible that RA treatment caused excessive cell death in the anterior cells, and thus produced the truncated head structures. We would like to adopt the former possibility, since we detected anteriorly expanded expression of some morphogenetic regulatory genes, such as Hox-1 and Meis, in RA-treated Ciona embryos (Nagatomo et al., in preparation) . Defects in the morphogenesis of the pharynx in the juvenile adults derived from RA-treated embryos Degnan, 1998, 2000) may result from the downregulation of Ci RAR in the presumptive endoderm region.
Morphological observation and downstream gene expression pattern suggest that the role for Ci RAR in the ascidian embryogenesis is limited. The anterior neural tube was not closed and the brain morphogenesis was impaired. Expression pattern of some neural marker genes were severely affected. Absence of b-tubulin (00086r1) in the anterior neural tissue could affect the axon formation. Some neural marker genes, such as Gi (01990r1), were normally expressed in RA-treated embryos. Expression of synaptotagmin was not affected, either (data not shown). Similarly, the sensory organ pigment cells were formed in RA-treated embryos, while their morphology was apparently abnormal (in most case elongated). The two pigment cells, otolith and ocellus, extend an axon in normal embryos. RA could also affect axon formation of these cell types via b-tubulin downregulation. Part of the differentiation programs of the papillae and the brain proceeded normally even when RA disturbed the morphogenesis. In other words, the cells that would otherwise have differentiated to the anterior structures do not completely transform into posterior structures by RA treatment. This is consistent with the fact that RA-treated larvae lacking papillae can respond to a chemical metamorphosis inducer, although the papillae are thought to be responsible for chemosensory functions (Hinman and Degnan, 1998) . RA may act mainly upon morphogenesis and pattern formation but not upon cellular differentiation.
The tail was kinked in RA-treated embryos in Ciona intestinalis and some other, but not all, species. We showed in the present study that Ci RAR was expressed in the tail muscle cells. The results suggest that the tail kinking was not just a toxic side effect of RA. Hinman and Degnan (1998) showed that myofilaments were normally formed in the kinked tail of RA-treated Herdmania curvata embryos. These observations again suggest that RA affected the tail morphogenesis without disturbing muscle cell differentiation.
Recently, we started screening RA target genes, using a cDNA microarray containing more than 9000 non-redundant cDNA clones (Fujiwara et al., unpublished) . Systematic analysis of target genes will enable us to have an overall and detailed view on the mechanisms of morphogenesis depending on RA and RAR in the ascidians. In addition, difference in the repertoire of target genes in ascidians, amphioxus and primitive vertebrates will tell us the molecular mechanisms of evolution of vertebrate-specific structures, like the neural crest and limbs.
Experimental procedures
Animals
Adult Ciona intestinalis was collected or cultivated using plastic seeding pots in the Uranouchi Inlet near the Usa Marine Biological Institute of Kochi University. Eggs and sperm were dissected from gonoducts of a few hermaphrodite animals. Eggs were suspended in filtered seawater and inseminated with non-self sperm. Fertilized eggs were dechorionated using 0.05% actinase E (Kaken Pharm., Japan) and 1% sodium thioglycolate. The embryos were raised in agarose-coated petri dishes.
Isolation of cDNA clones
Total RNA was purified according to Chomczynski and Sacchi (1987) with a slight modification (Fujiwara et al., 1993) . A cDNA pool was prepared using MMLV reverse transcriptase (Gibco BRL, USA), 5 0 -GT 15 N-3 0 as a primer, and 2 mg of the RNA as a template. A fragment of the cDNA encoding the DNA-binding domain of RAR was amplified by PCR using degenerate primers, and 5 0 -AGCTGTGAAGGGTGCAAAG-3 0 as gene-specific primers. The cDNA fragments were cloned into pGEM-T vector (Promega, USA) and sequenced, using ThermoSequenase dye terminator cycle sequencing kit (Amersham Pharmacia Biotech, UK) and 373A automatic sequence analyzing system (Applied Biosystems, USA). We also found cDNA clones encoding Ci RAR and Ci RXR in the C. intestinalis EST database ; http://ghost. zool.kyoto-u.ac.jp/indexr1.html). These cDNAs were inserted in pBluescript II SK þ (Stratagene, USA). A molecular phylogenetic tree was constructed by the neighbor-joining method (Saitou and Nei, 1987) .
Retinoic acid treatment of embryos
Stock solution of all-trans retinoic acid (RA) was prepared at a concentration of 1 mM in dimethylsulfoxide (DMSO). Embryos were treated with 1 mM all-trans retinoic acid from the 32-cell stage. As a control, embryos were raised in filtered seawater containing 0.1% (v/v) DMSO from the same stage.
In situ hybridization
The templates for synthesizing RNA probes were prepared from the EST clones by PCR using primers T3 (5 0 -ATTAACCCTCACTAAAG-3 0 ) and T7 (5 0 -AATAC-GACTCACTATAG-3 0 ). Labeling of antisense and sense RNA probes with digoxigenin (DIG) was performed using T7 and T3 RNA polymerases, respectively, according to the protocol supplied by Roche (Germany).
Embryos were fixed, treated with proteinase K, and hybridized with the probes as described in Satou et al. (2001) , except that the temperature for prehybridization and hybridization was 628C. After hybridization, the specimens were treated once with Wash (2 £ SSC, 50% formamide, 0.1% Tween 20) for 20 min at 658C. They were then treated once with Wash/Solution A (1:1) for 10 min at 658C [Solution A contains 500 mM NaCl, 50 mM Tris -HCl (pH 7.5), 5 mM EDTA, 0.1% Tween20]. After being rinsed with Solution A, the samples were treated with 10 mg/ml RNaseA in Solution A for 30 min at 378C. The samples were washed sequentially with Solution A briefly, Wash/ Solution A (1:1) for 10 min at 658C, Wash for 10 min at 658C, Wash/PBST (1:1) for 10 min at 658C (PBST is a phosphate-buffered saline containing 0.1% Tween20), and three times with PBST for 10 min at 658C. Then hybridization signals were immunologically detected with alkaline phosphatase-conjugated anti-DIG antibody (Roche, Germany) as described by Fujiwara et al. (2002) .
